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rainfall factor in the complex conditions of the environ- 
ment of t.lie a,gic.ulturist,. In  itself the rainfall reginie of 
qn area is typical of its lrttitucle, its situation both on the 
cont,inent and in relation t.0 the ocean. Therefore, a 
close relationship between successful agriculture and 
definite ra infd  conditions might, have been assuniecl. It 
is t.lie purpose of t.liis inquiry to hnvc lilicl bare, first., the 
validity of such t i n  xssumpt ion, a id  seconclly, the details 
regitrdnig tBe relat,ionship. It, map hi! hoped that, in so 
far :is itgricult,urd progrcss resul t,s froiii purposeful 
guid;iiice from without.. the conclusiom herein att,ained 
iiiay serve as nn inclicnt,ion of clirc..ct.ions in wliicli such 
progress iiiay be most rcipidly anel eiisily acliievecl. 

A BEVOLVIXG CLOUD CAMEXA. 

By (?LIVER 1,. FASSIC. 

[Doted: Writlier B i m m ,  Bdtiiiiorr. Mcl.. July 11'. 1918.1 

About 10 yesiV ago n iicm form of cnniern wts brouc.lit 
to lily irt.t.ent.ion by it.s ilesigner, ~ r .  F ~ ~ C I .  W. ~uelPer, 
of Baltiniore, with tha hope t h t  such n device might 
prove to he of vcdlut.. t.0 iiistcorologists. Tho cniiicra re- 
volved upon n vnrt.ic:tl asis by iiieaiis of :% spring 1iiotor, 
a coiiipletc revolut,ion being niaclc in fro311 5 t:o 11) secvmds, 
&pendin* u p i i  t,lw illuiuinrit~ioii. Tlie image was tBrown 
upon n &iiq w1iicli antm:i:Lt.im.~,v unro~cct a s  t,lie. c:iiiicrn 
revolvotl. By this mi?;Liis :L )icturi* vms st?curei! t i €  t.iw 
entire horizon cd :31i1Jo :uid o I the loivcr pwt,ioiis of t h  

and iiarrm~ shoct of py)e?r. 
soiiie very interest.ing and striking 
liuidscape pliotqrit Imt, ~ I i e r e  

involreil the rcfat,ire xisit.ions 
view ww obvious I -v ~uucli 

(lis turbocl . 
While this iiew c:uiii?r:i was of general iubewst t,o nit?? I 

suggest,ed to Mr. hIueller t.liat a nioiliIicitt.ion of his device, 
in order to iiinke it possilde to sctcurc, hy iiitmis of a single 
sspnqirc. ;i coiiiplet,c! p i th re  of tho sky from horizon to 
zenith iuid through 3150" of azimuth. might, ])l'c)v-c t,o bo 
.of coiisiclersLle d u e  in t,ho study of bl ie  foriiis ctnd t,he 
distrihut,ion of cloucls. 'Ylie w.orli of clt!s$ping and coii- 
st.rucking n suitablc cmierii for this sliecihc purpose WBS 
at oiice uiirlert,zken with ent~husi2isni by Mr. Mueller. 
Four or iivo years l;ttjc?r oflieid ;tssignluent, to mother 
field took iiie mniy froi:i Balt,iinort! before 2% c:~iiiera wns 
pei.fect,ecl ?vliich eiit.irely sntisfieil t,he invcnt,or. Upon 
i iy  ret,wn to Bdtijiicire, in the suiiiiiicr of 1912, one of 
the first visitors t.0 c d  a t  tho hc2d oifice of thu Wcat.lier 
Bureaiu wtis hIr. Mucllor, bringing with him a new camera, 
clesimed nnd const.ruct,ecl hy him, t,ogetlior with soiiie 
escaen  t clojicl plw tograplis. 
hi esniiiinatioii of the cniiiera niicl tlie preliiiiiniiry 

liotopaplis conriucecl iiie t,lint, 3, sntisf;ic:ory iiiethocl had 
L e n  fount1 for pliot,c)gr;t iliing, ~ i y  1ne:ms of zi single es- 
posure, the ent,ire cwch o 1 t,he sky :~nd dl visible ohjec.ts 
therein. Tlie accoiiipanying pliot.ograplis, sliown in fig- 
ures I to 3, give 21 good idea of the geuer;il appc.. wanco  
and const.ruction of the ctuiierii, while t.he secbionril draw- 
ing, figure 4, shows how the rriys of light, from t,hc various 
points of the sky pass tlwough the lens ~ind rerich their 
proper,positions on the sensitized platme or film, 7x1, within 
the caniera. 

The heavens as seen froiii any partrticulnr point a )pear 

that to photograph the sky upon a c,irculair p1nt.e would 
give a fairly true rendering of t>lie relative posit,ions of &all 
objects in the sky a t  t.he time of the esposure. 'l'lie pho- 
tograph of the sky secured with this particular instru- 

to the observer as a clouie, and it occurreel t.0 Mr. b 8 ucUcr 

ment is 18 inclies in diarnet.er (fig. 51, the zenith is in the 
cent.er of the pic.ture, nncl tlie horizon dong tlie circum- 
ference. The exposure of the sonsitmized plate or film is 
acconiplished in one uninterrupt,cd operation tlirough a 
wcdgo-shaped opening in t>lie pltit,e-lioleler cover while the 
platme in its liolrler revolves around it,s ow1 asis, tind tohe 
ent,ire caiiiera revolves :iround B verticctl (ze1iit.h:i.l) asis, 
in turn facing et7er.y point of the horizon. 

The mcdgc~.-sliy)ecl opniiig in tlie plat,e.-holder covnr is 
about ti i4u:irter of an inch wide a t  t?w circumference of 
the ht,n and t,nper3 to n point, at, t:he ct?nt.er. The vertical 
aiig f c! iiicluclecl during. esposure, as tslie caiiiera revolves, 
is W or froin the horizon to tlic zenith. It mill he s x n ,  
then, tlint.. as tho camera iiiakes a coinplcte revolution, it, 
will include lsoo, or the entire visible cloiiie of the sky. 

Tho body of the cnmern is so niount,ccl that t,he plate 
iu:ikes an angle of 45' wit,li the plane of the horizon and 
witli tho  liiio to zenith. The upper sew:it?iit of the re- 
volving plnt,o is esposecl, t.lit? liglit, from tiie Ani t.11 passing 
dovvii verticiiUy through t.litF ltms nucl striking t,he cwikr 
of t,lie plat.c, while t.he mys from t.hc liorizon reach the 
edge. of the plnte. (See  fig. 4.1 

As t,hc cmicra, revolvcs nucl the plate iiioves ptwt the 
wedge-slinpd opcning in the plate-holder cover fresh 
sepi1eiit.s of t,he sensit.izeil plate MU successively ire- 
sontcd t,o the skg unt,il t,he mtire nsposure is nincle, w In en 

r cmtoiiinticdly closes, just ns it autoiiittt.icdly 
opeiieil nt t,liiI! beginning cif the espiisure. 

d i i  i~iiport.:iiit fenturL! of t,he instrument is the nuto- 
iii:it.ic s1iut.t er. Tlit? p1at.r. is cc.iiit,:Liiierl in a circular holder, 
u1)on t,lw cwver of wliicli is tlxt sliut,t.er. When an es- 
posure is to be iiiade t,ho cover is risexl away froin tho 
platme hobl(?r--hy iii(+niis of tlie screws seen on t,hc outside 
of tlie caiiiera in figuros 1 inid 2-w-liich then bt~coiiies n 
fisecl part of tlic cmiier;t. corer. This operution brings 
the sliutt,er beneath the lens aut1 a t  tdio same t,iine nuto- 
iiisticiillp set.s it for nct.iun. 

As tlie plate li(.)Iclsr revolves a.rouiitl it's own :isis tlic 
cniiicr;~ rernlves nhout 2% vertical nsis. robniuing it.s up- 
right. posit,iwi. with the lens aiicl t ' tm ;it, t.he top. 
This is crl€ec.tatl by guides which ol>"riite in a groyve 
arouud the pe?dest.:d hcnd. Tlie relative rate of rot,stmn 
of t l le  c:iilier:~ ancl t41ie plat,e is governecl by t.ho size of 
the lnrgc gi?nrs coiuil?cting them, Aown in figire 3. The 
spring motor, Iiy 1iie2ins of which the ciiinern iiiakos a 
coniplet,e ii?rnlut.ii,n in frola 5 to 10 seconds, is shown in 
posit.ion in figures 3 ;tnd 3. The lons subtmds an male 
of W ,  1iit.s n focti1 lengt,li of inclies, ancl is acljusted Tor 
olJjc-?ct,s a t  infinite clist,ance. 

Thc iiegntire produced by iiimns of the camera re- 
quires ti certain correctmion in order to produce a picture 
of t>he sky which slitill present :ill o1:iject.s otogra lied 
in t,lieir true relations. The nsis of rero Fh ut.ion o P t.he 
p1at.e idbu in fig. 4) is a t  mi angle of 45' t,o t'lie axis of 
revolut,ion of the cmiern. The lens is fisecl at the center 
of the upper port,ion of .the fact! of t.lie camera. Hence, 
ns t,he camer2~ revolves, t.iie iiiiaqe of t,he sky is apparently 
trlirow-n upon t,he int.erior sui-fscc of an inverted cone. 
(See lig. 4, nbc . )  The npcs of this coiie, corresponcling t.0 
tlio zeiiit!li, is ,zt t,lic center of tho scnsit'izcd plate (fig. 
5, Z), wliile the edge of tlio base? wiicii liniits the rays 
froiii t,lin horizon, corresponds t.o the circumference of the 
plat,e. The sides of tlie cone subtmid t i n  angle of OO' and 
are equal in length to the seiiiitliaiiieter of the plate. 
The actual iiiiage is Iwojectd upon n revolving plane 
sui.fnco (the plate) wliicli is t ,mwnt t,o t,he surface of the 
ii1iaginitl.y cone. The ratio of tEe area of the cone to the 
areit of tlie circulitr plate is the same as the ratio of the 
base to the hypotenuse of a right triangle. Hence there 



. I.-- view of the Maeller cloud camera &owing the  area screws far adfusting Fxe. ’d.--Bwe view of fhe 3fnelIer OBmdra ilw&&4mof tiIeb6xto the plate holder and setting the shutter, md the mthod of mountiDg the l a %  horizon and p a r t ’ o m  ving the Ilesr. 
I 

Qe. &-Rear view of the Mueller camera showing the drivjng ths lower 
raak forrw&vlng the wbole box, and tde inched rack for rot%$%?& holdex 
withfnthew 

FIG 4 -Disgrammatlc vertical crom section of the Mneller cloud camem showing the 
cone of raysfrom p e  lens to the plate, db, and the cone, cab, to which h o  first print 
must be adiuqted m order to mme the final picture shown in figure 6. 
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FIQ. 6.-Reduced print of the uncorrected image secured by the Muelley cloud camera. (Baltimorc, Yd., Sept. 16,1914, 7:45 a. m., 75th mer. time.) 
The segments AZB and B Z  C are duplicatas; 2 is the zemth. When this print has been corrected, ita radm becomes Zb. 
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FIG B.-Full-sized corrected image derived from the photograph shown in flgure 5. (Baltimore, Md., Sept. 16,1914,5:45 a. m. 
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is a portion (AZB in fig. 5) of the sky image upon the 
negative which duplicates the first part of the picture. 
In order to obtain a c0rrec.t picture of the sky tlie dupli- 
cating se-ment of the negitt,ive fihii is cut away and the 
edges are brought together. (In fig. 5 the segment BZC' 
was cut away ancl  ZB matched against ZC'.) The fi~id 
photograph, as shown in figire 6, is then niade by ineniis 
of transiuitt,ed liglit tlirough tlie conicid negative, wliicli 
represents the cloiiie of the sk-y. The st:iisit.ized circ.ul:w 
film may be replaced bg it conics1 f h ,  wit.11 8 slight iiiodi- 
fic.ut.ioii in t,lia construction of tlie c'aiiier~. By tlic use of 
the coiiicd filii1 the size of the camera iuay be reduced, 
while the operiLtion of cutting :~wuy t.lit: w-erla ping seg- 
ment of tiic? circular piiotograpii is eliniiuatocfl 

- i r lwniq is  91*tlw w:~.~I curtmu,. 

What advantages are offered by t.lie use of the new 
forin of caiiiera, over the forms iiow in uso, especially iii 
the field of cloud photographyY In thc first place the 
new device caii be utilized for all purposes iiow served 
b existing forins, ancl in addition yields results not to be 
otained by nieaiis of the latter. 

Our ignorance conceiiiing cloud forms and their sigiiii- 
came is still rather inore coiispicuous than our knowledge. 
It is reasonable to assuiiie that n mote accurate survcy 
of cloud forins over it11 estendecl area and the ritpitl 
changes w!iich they undergo will lend 11s to n better 
under&mhg of the nature aiid niovenients of storms 
and weather climgc?~. A cloud is a visihle process rnthor 
than L finished lxodwt,, and is in iiimy iiistiiiices the only 
evidence we have of the forces nt work in the upper at- 
mosphere. A photogra h which embraces the entire 
field of view 0 )c1ied Ui) Eeftjre the observer, and clepicts 
all of the clout 'I forms --their relative positions ant1 their 
extent-is iiiauifestly of urenter vnluc than a photograph 

- which shows only :i siiis71 detached doncl, or portion of 
a cloud, and wliicli gives no uvidcnce of relationship with 
the eneral condition of the sky. 

~ i ? e  pro~eius  of cloutliiiess iii:i,y ])e profitu1)ly stuclied 
' by mealis of ti cletaileci study of individual cloud forins, 

'ust as it is a coiiiiiioii and profitdde practice to study 
lorestry by the .;tudy : of i n c l i d u d  trees; there are, how- 
ever, problems of clouds in association with other clouds, 
whicli can not be successfully solved in this iiianner, just 
aa there itre )robleiiis of trees in nssociation with other 
trees, or tlie targer prohleins of forestry, which the study 
of individual trees will never su-grst. The new foriii of 
camera will make s u c ~ i  general c€ou(~ studies possitJle t x n t ~  
profitable. 

One of tho siiiipleut and nos t  obvious uses of the iicw 
camera is to obtain n permanent and true record of tlia 
amount and chmcter of the cloud cover a t  stated int,er- 
v& during the da -. iiiethocl now in use to 
obtain this oncl is )y means o B eye obscrv:itions, which 
are liable to. errors of judgment, and a t  best arc only 
rough estimates of the proportions of tho sliy covered by 
the rincipd cloud forins. 
. dotograplis of t,lie sky a t  stated intervals, txlmi 
&nultaneously :it R ncniber of stations within cycloiiic 
a d  anticyclonic areas, ~vould nff ord v:iluiible iiiaterinl for 
&e advilllceriieiit of our kno~vled~e of st,ornis. Qssuniiiim 
&at one of these ,Iiot,ograplis w31 sliow the amount an3 
Aaracter of the c 1 oud corer over the area of from 200 to 
1-30 square miles, a comparatively few stations equipped 

The on1 

.._ - .- 

'Wr.Mueller Is ~ O W  wmtructing such a modified modelwith a conical a m  in accord 
-% thauggestions-0. L. Fassig. 

with the new camera would furnish detailed information 
as to practically eve kind and phase of cloud form 
within the area of a wexdeveloped cyclone or anticyclone. 

The clesigu of the new instrument seeins to be entirely 
satisfactory, and the cloud photo a h here reproduced 
iii figures 5 and 6 wtts made by h f  gueller by means of 
the temporary wooden cmiiera, constructed entirely by 
liiinself and s iown in figures 1-4. It is very desirnble; 
however, to provide for the construction of ti inore per- 
iiiiiiient instrument, in order to facilitate further experi- 
iiientation in the technique of cloud photography, and 
to cleiiionstrate the value of the camera as an instrument 
for systeinatic research, ancl for daily use a t  meteoro- 
logical observatories. 

A TEST FOR PERSONAL ERROR IN METEOROLOGICAL 
OBSERVATIONS. 

By ERIC It. MILLER, Local Forecaster. 

[Dated: \Venther Bureau. U'sdison, Wis., Mar. 23, ISIS.] 

The object of thiu is to call attention to the value 

evidence as to the climatic data. Internal 
evidence is often 

isolntecl, and hence are not, sub ect to personal inspection 

re orts affords only indirect evideiice of the fidelity with 
w fich the observations have been niade, especially as the ' 

majoritmy of volunteer .observers-the rincipd source of 

eral education, although they inay have liad no training 
whatever in scientific accurncy. Even this indirect evi- 
dence is not nvailnble to nimy who have only the neatly 
printed tables of data presented to t,lieir inspectZion. 

Rilinfnll-frequency distributioii is deteriiiined by classi- 
fying the recorcled dnily rainfalls according Go niagnitude, 
one cliiss for each uiiit of the scale used in niensurin raiii- 
fall. to 
hundredths of inches, hence such. a table shows the num- 
ber of daily rainfalls of "Trace," 0.01 inch, 0.02 inch, 0.03 
inch, niid so on, in ascending series. 

The frequency distribution of daily rainfalls is of the 
' ' es tremely asyninie tricnl or J -shaped f oriii " of tbp 
stat,isticiaii, the sinallest amount being most frequent.. 
In order to show that the J-shaped fre ueiicy distribution 

and figures 1 to 5, inclusive, and figure .15, frequency dis- 
tribution tables aiid curves for 15 United States Weather' 
Bureau stations in the nricl Southwest, the north Pacific 
coast, the upper Mississippi and Ohio Valleys, the Gulf 
Stnt,es, the Lake Region and New England. These data 
tire for the sis months, April to September, inclusive, 
in tlie year 1914. Lon er series would give smoother 

gmphicdly in figure 15. The six wanner months were 
chosen in order to secure, as far as possible, im ersonal 
data, since the automatic raingnges a t  regular keather  
Bureau stations are then in operation, aiid while the re- 
corded nieasurements are personal stick nieasurements, 
they are likely to adhere uite closely to the automatic 
records, especially for sinal 1 amounts. 

of the daily rainfa. distribution as internal 

of the cliniatologist 
in weighing raw are necessarily 

and supervision. The degree o i neatiiess of the observer's 

cliniatic ilattk-we likely to be above t P ie average in gen- 

In tlie United States rninfalls are recorced f 

of d d v  rainfadls ,revails throughout t 7.l e widely differing, 
rainfall regimes o I the United States, I present ui Table 1, 

curves, a s  is indicated % y taking tlie average shown 

'Yule, G. Udw. Theory of statjstics. London, 1912. p. 98. 


